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MEASURES 
10 millilitres = 1 centilitre 
10 centilitres = 1 decilitre 
10 decilitres = 1 litre 


OF CAPACITY 


10 litres = 1 decalitre 
10 decalitres = 1 hectolitre 
10 hectolitres = 1 kilolitre 


1 litre = 1 cubic decimetre; 1 kilolitre = 1 cubic metre 


’ MEASURES OF WEIGHT 


10 centiares = 1 deciare 
10 deciares = 1 are 


CUBIC MEASURE 
1000 cubic millimetres = 1 cubic centimetre 


1000 cubic centimetres 
1000 cubic decinietres 


= ] cubic decimetre 
= 1 cubic metre 
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In the following conversion factors the pound (or gram) 
is a unit of mass. Where the pound (or gram) i is meant as 
a unit of force the term ‘pound weight’ (or ‘gram weight’) is ν᾿ 


used. 
All factors involving the change from the absolute to the 


gravitational system of units are based on the international - > 
standard acceleration due to gravity: | 
| gs = 32-1740 ft./sec.? = 980-665 cm./sec.* an 
The dimensions of all quantities are given in terms of the — 
fundamental quantities: mass (M), length (ZL), time (T). ¥ 


LENGTH (L) 


7-92 inches = 1 link 54 yards = 1 rod, pole or perch ἮΝ 
12 inches = 1 foot 4 poles = 1 chain π᾿". 
3 feet = 1 yard 10 chains = 1 furlong ὩΣ 
6feet = 1 fathom 8 furlongs = 1 mile ’ 
I chain = 22 yards = 100 links | 
1 mile = 80 chains = 1760 yards = 5280 feet 
1 nautical mile = 1-151 miles = 6080 feet A] 
linch = 25-40 millimetres 1 millimetre = 0-03937 inch ὦ 
1 foo t = 30-48 centimetres 1 centimetre = 0-03281 foot +a 
l yard = 0-9144 metre i metre = 39-37inches 
1 chain = 20-12 metres 1 metre == 1-094 i 
1 mile = 1-609 kilometres 1 kilometre = 0-621 mile wd 
1 nautical mile = 1-853 kilometres ‘yg 
1 fathom = 1-8288 metres or 
7 
ΤῊ 
fa 
x 
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οὐδ πὲ 17 ete eT Maia Lily 
| ἐν ἐπ Fre § tnt ἫΝ 

ees "CORVERHION TABLES uae” 
40 

fy ἤ VOLUME (L*) 

i 2 pints = | quart 6209 bap. init ieee 
ap 1 cu. foot = 1,728 cu. inches = 0- 

i = 0-7787 bushel 

ii 1 cu. yard = 46,656 cu. inches = 21-03 bushels 

ps 1 shipping ton = 40 cu. feet of merchandise 

‘ie eons am ἦμεν = 42 cu. feet of timber | 
or; 1 Imperial gallon = 277-4 cu. inches = 0-1605 : 
is : USS. gallon = 231-0 cu. inches = 0-1337 on. foot 

Ἢ litre = 61-02 cu. inches = 0-03532 cu. foot 

ΜΗ 1 cu. inch = 16:39 cu. cms 

“a 1 cu. foot = 0-02832 cu. metre 

ae 1 cu. yard = 0-7646 cu. metre 

. I pint — = 0-5683 litre 

Ἢ 1 Imperial gallon τὸ 4-546 litres 

Ἂ ‘ cu. foot = τ 32 litres 

a ἐρηρο en ὦ Ξε = a =p τρμμς 

δι 1 cu; metre = 35:32 cu fst ils 

ἢ aS 

a 1 litre = 0-03532 cu. “hg 

; : 1 U.S, gallon = 0-8327 Imperial gallon 

Mf AREA (L*) 

ay 144 sq. inches = : foot 4840 “= 

a 9 sq. feet m4 sq. yard pI Ao Aha a pen mile 
Ἢ Lacre= 1000. Pirctisios? μος rods = 43,560 sq. feet = 100,000.44 links 
ν 1 square of flooring or roofing = 100 sq. feet 

ἣ 1 sq. inch = ἐν a |. centime 

ag 1 sq. yard = 0-8361 sq. metre 

a 1 acre ' = 40-47 ares 

a 1sq.mile ὀ-- 259-0 hectares 

oe 1 sq. centimetre = 0-1550 56. inch 

δὶ i metre = ae 56. feet 

᾿ 1 hectare ΠΝ prea 

ἢ 1 hectare = 0-003861 sq. mile 

ἡ 1 hectare = 100 ares = 10,000 sq. metres 
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CONVERSION a vies ‘Conthinaly 


ὯΝ ΠΡ r x! " , 


MASS (M) 
(All English units are Avoirdupois) 


4 
20 
112 pounds = 1 cwt. 
2240 pounds = 1 ton 


15-43 grains 


| 5° 1 gram = 0.03527 ounce 
1 pound = 0-4536 kilograms 1kilogram = 2-205 
1 cwt. = 50-80 kil 1 kilogram = 0-01968 cwt. 
1 ton = 1-016 tonnes 1 tonne = (-9842 ton 

1 tonne (metric ton) = 10 quintals = 1000 kilograms 

1 U.S. long ton = 2240 poun = 1 English ton 

1 U.S. short ton eS es oe Te 

1 U.S. kip = 1000 pounds = 0-4465 i 

1 U.S. cwt. = 100 pounds = 0.8929 Enclish ovt. 


LINEAR VELOCITY (2) 


lm.p.h. = 88 feet/min. 1 foot/min. = 0-01136 
Im.p.h. = 1-467 feet/sec. 1 foot/sec. = 0-6817 m. 
im.p.h. = 0-4470 metre/sec. 1 metre/sec. = 2-237 m.p.h. 
1 foot/min. = 0-5080 cm./sec. lcm./sec. = 1-967 feet/min. — 
DENSITY (75) 
Ib./cu. in = 27°68 g./cu. cm. 
lb./cu. ft = 16-02 kg./cu. m. 
Ib./cu. yd. = 0-5930 kg./cu. m. 
ton/cu. = 1-328 tonnes/cu. m 
/gal. = 0-01425 g./litre 
part/100,000 = 0-7017 grain/gal. 
par/milon (p.p.m.) = 0-07017 grain/gal.- 
= 0-03613 lb./cu. in. 


= 0-06243 Ib./cu. ft. 
= 1-686 Ib./cu. yd. 


ggSSaarE ἱμαπὸὰ ἱπππῶ ὑπεπὰ ἐπα μττὰ μπᾶ ἱμαιά, 
δὲ 


ks fo, τ m. = 00-7532 ton/cu. yd. 

eal: ἂν pF coe roe oo ),000 

grain/gal. = 14-25 parts/million 
105 


pam aught 0-01543 grain 


Gy FY mn 4 m a τ. τ 4 ᾿ ~ 1 . 
δ. Δ’ ᾿ «᾿ —? » i ᾿ i 
” ᾿ 


ς΄ ᾿ΑΠΡΟΠΊθΟΟ ΟΠΚΕ | = Say | ‘SB .O1 = Puodes-nem T = o1NOF 1 "A'L'a ΟΟΟ ΘΙ = WHHL Ὁ 


OOIL9E | O00‘9S9°7 : 098 968. | ele UMA 


6101-0 SLEL-0 | 68€7000-0 | 99ZS000-0 | 86000-0 οἴποῦ 

1 | €€t< | €bez00-0 | sorsoo-0 ἐδζόθοθθ οιϑυιπΒΙΒ ] Ὰ 
ὙΠ δὴ I 6£Z£000-0 | 1P1Z000-0 ςβζι00Ὸ punod-300,3 
8-97P - L80€ I S07-Z 896-€ | BM1ojeo-UreITO[TY | 
9.6] | Ort 9€Sb-0 Pe ee MHO] ς- 
9101 | SLL τοζ0 | $sss~0 I ‘NUL = 
Recall punod4ood | ipso owe ‘nwa 


Cry sian tupasopiy supa aida pup jydian punod supaut wield ‘oan mp nae 


(+2) SUOLOVA NOISUZANOD WAOM GNV LVAH 


(panujjuo2) SATAVL NOISUAANOOD 


ἽΠΠΟΙ ΟΡΙΟ] ἃ JO ΒΛΟ 0 op 9910.4 “ποάύθλ peasy 911 se UMOUY ΟΝ] Β 51 ΙθΛΛΟΣ] ὉΒΙΟῊ ILIPY OU], 
᾿ΔῊ SI8€-0 = τπου /"N"YL'g 9-016 = 
4 ΟΖ 78 ves wu Inoy Jod ureays jo ‘a jo fs ate 


896 981: ‘0 9LS8-0 E91100°0 =: I8S100-0 | 6SS100-0 ANOY/SHO]ed-OTT 


I | 886200 | 1917-0 — £€6z000-0 | 86£000-0 4 676£000-0 mnoy/"'4L's 
LP-EE I ᾿ tL L08600-:0 | EE£I0-0 | SIETO-0 Ρυοσοος Γοησια- "5. | 
| LE ESEI-0 Ι | 9S€I00-0 | €F8I00-0 | 8181000 | puosas/punod-100.4 
Ive | ΤΟΙ 9-LEL I : 961 PET NeMOTIN 
OISz | SL | Stbs SSEL-O | | £986-0 | Jomod as10Y ὉΜΊΟΥΝ S 
Sst} P0-9L Oss | LShL0 ΑἜΦΙΟῚ | 1 | somod osioH] 
ail τ------------ cee 
owe ἘΞ | (winodoog Emons | oasoq 0133 OHO ae ων < 
“(ysion uiDssopry supa siaaineta' puo Bw punod suvaius wanes 3:00] styi sup) 
ae 
(24) SUOLOVA NOISUSANOD YAMOd 
(panuszuoo) SaTaVL NOISUIANOD . 
% = δ i : ἡ ἜΡΙΣ ὰ cer ie ΘῈ = ὺς ΤΣ Ἢ ; Pe, eee eo ae . =< 


1 Standard Atmosphere = Pressure of 76 cm. column of mercury, density 13-5951 g./c.c., acceleration due a 
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gravity 980-665 cm./sec.*, 


= 14-6959 Ib./sq. in. 


1 Bar = 1000 millibars = 10° dynes/sq. cm. = 14-5 Ib./sq. in. = 0-9869 standard atmosphere. 
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table, pound means pound weight and kilogram means kilogram weight) 
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Ft. head of water at 62° F. 
In. head of mercury at 32°F.) 0-4912 


= a 5: alt) , ῃ Υ. ere ». 


Ἃ ' 
he i 47 


DECIMALS OF A FOOT FOR EACH 35ND OF AN INCH 
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TEMPERATURE CONVERSION CHART - | _ TEMPERATURE CONVERSION CHART 
C= Centigrade Ἑ = Fahrenheit | | C=Centigrade  F = Fahrenheit 
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VISCOSITY CONVERSION TABLE 
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"SPEEDS OF FLOW OF P WATER ‘MATERIAL DENSITIES | 


Velocity in Feet per Second 
| Material 
4 i 6 | Hs 
See . ΕΠ | Fresh water 
Gallons per Hour Sea water 
il Resin 
46 | Ground dry asad | 
' | | Saltcake 
103 ? 
184 γ4. | Nitrate of ammonia} 
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1150 
1650 
2940 | Blast oo nee 
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| ing! 

5 Broken limestone 

11750 157 | Coprolites 
| | Clay shale, loose 

18350 Dried m 

5400 Stone dust 
. Granite chippings 
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t dirt 
| Phosphate pebble 
| Slate dust 
Hard bath stone, broken 
Plaster of Paris 
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MATERIAL DENSITIES bbiatieici 


Pounds per poe: feet 
Material jercg Lag agin | Cabie inches | 


Ballast, loose 
Powdered sulphur 15-4 


sandstone 

Powdered phosphate 

nord stone, iin 
| Salt rock 


Plumbago 
Portland s stone, broken 
ee Ὁ broken 


| Copper pyrites, fine 
Iron ore, Clydesdale 


Tin ore 
| Brown i iron ore 


Logwood dust 
| Flue dust 


| Dry paper pulp | 
Green malt } 112 


| Cotton seed 
Breadcrumbs 
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MATERIAL DENSITIES (conte) 


Pounds per Cubic fect. Cubic sada 
Material cubic foot | per ton per pound | 
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Locust beans 
Calcined bon 
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| Degreased crushed bones 


Seedlac 

Spent tan 

Shredded soap 

Wood chips 

Damp wood pulp 

Dry apple pulp or pumice 


Ι Gas coke 


Malt 

Oats 

Hempseed 
Crushed ΤΩ 


Hydrated lime 


Soda ash 


Cotton =i} 


Ι Rape seed ; 
| Spent hops 


Buckwheat 
Sugar beet 
Coke breeze 
Barley | 
Hot wet grains | 
Oatmeal 
Furnace coke \ 


| Gasworks lime 
| Steamed bones 


Indian corn meal) 
Linseed 

Rye 

Bean and pea meal 
Flour 

Coal nuts 


| Coal ashes 
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| Indian corn or maize 5 | ᾿ 
| Coarse sal Ὁ 38°5 


᾿ Welsh steam coal 


| Asbestos gri 
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TERIAL DENSITIES (continued) 


Powdered coal 
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Soda ash 
Sodium bicarbonate 
Potatoes 


Anthracite coal, loose 


1 glass or cullet 


Oxide of iron 60 37 28-5 
Wet bone char 
Superphosphate of lime 
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RELATIVE HUMIDITY TABLES | 
Relative Humidity | 


Relative humidity is defined as the ratio, expressed as a ~ 


percentage, between the water vapour in air at a given tem- 
perature and the maximum water vapour the air can hold 
(i.e. saturated air) at the same temperature. 

How to use the tables: 


Take the reading of the wet-bulb and dry-bulb tempera- 
tures at as nearly the same moment as possible. 


Subtract the wet-bulb reading from the dry-bulb 


reading. 

The per cent relative humidity is the number at the 
intersection of the temperature difference column (vertical) 
with the dry-bulb temperature column (horizontal), 
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Per cent Relative Humidity for Centigrade Temperature Differences Up to 45° 


Difference Between Wet- and Dry-Bulb Readings, Degrees Centigrade: 760 mm Hg 
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Difference between Wet- and Dry-Bulb Readings, Degrees Fahrenheit: Pressure 30° 
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er cent Relative Humidity for Fahrenheit Temperature Differences up to 45°. (continued) 


Difference between Wet- and Dry-Bulb Readings, Degrees Fahrenheit: Pressure 30° 
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ATOMIC WEIGHTS-PHYSICAL 
AND CHEMICAL SCALES 


Recently the Council of the International Union of Pure 
and Applied Chemistry resolved that a scale of atomic 
weights based on the whole number 12, as the atomic weight 
of the dominant natural isotope of carbon, carbon 12, be 
adopted. 

In the tables which follow atomic weights are given based 
on carbon, as it occurs naturally, = 12. The difference be- 
tween the atomic weights quoted and those related to 

12 — 12 amounts to less than 43 parts per million. Natural 
carbon consists of two isotopes, (13 and (18, of relative 
abundance 98°892% and 1-108%. The chemical basis for the 
atomic weights is thus an average value for the mixture, 
This is a valid basis for the table since the relative abundance 
of the two isotopes is practically constant. 

In physics it is the behaviour of individual atoms which is 
of importance, so an average value for their relative weight 
is not suitable. Consequently, for physical measurements, ἃ 
new table of atomic weights has been produced based on the 
one isotope C! = 12-000. To avoid confusion in terminology 
it is the modern practice to give the units of weight on this 
scale the name atomic mass unit (a.m.u.), e.g. ΟἹ = 12-000 
a.m.u.; 1 a.m.u. = 1-6598 x 10-*4 g. Mass spectrographs 
can determine the relative weights of individual isotopes 
with high accuracy. Knowing the relative abundance of the 
carbon isotopes, the average ‘atomic weight’ of naturally 
occurring carbon can be found. 
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| το | 
THE PERIODIC TABLE 
giving atomic number, chemical symbol and atomic weight (C = 12-00) 
Group 2 . | Group 6 Group 7 
------- a Group 8 
B A | B A | B 
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- 8 | - 9 - - Bs. _ 
ο | F 
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ἘΣ " | 88 17 = op -j- 
32-064 | 35-453 
- 23 a one 25 | 26 27 28 
Vv | Ἐ6 Co Ni 
50-94 | $2-00 5494 5585 | 5893 | 58-71 
30 ay ay FEC ἰῶν ἀπ ; he "idee τῷ a5 — — — — 
én Se | Br 
65-37 78-96 79-909 
ws ep ἐν σ΄ = 43 44 | 45 46 
Mo | Te Ru Rh | Pd 
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THE PERIODIC TABLE (continued) 
The Actinium Series 
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INTERNATIONAL TEMPERATURE SCALE 1948 
as at April 1957 


All fixed points relate to standard atmospheric pressure of 1013250 
dyne/cm.* (760 mm. of mercury). 


Primary Fixed Points 2G 
Boiling point of oxygen — 182-970 
| ng point of water 0 
Boiling point of water 100 
Boiling point of sulphur 444-600 
Freezing point of silver 960-8 
Freezing point of gold 1063-0 
Secondary Fixed Points ἜΣ 
Sublimation point of solid co, — 78-5 
eezing point of mercury — 38-87 
Triple point of water 0-0100 
Transition point of sodium sulphate decahydrate 32:38 
aoe point of benzoic acid 122-36 
ing point of naphthalene 218-0 
ing point of tin 231-9 
Boiling point of benzophenone 305-9 
Freezing point of cadmium 320-9 
ezing point of lead 3273 
Boiling point of mercury 356-58 
Freezing point of zinc 419-5 
ing point of antimony 630-5 
Freezing point of aluminium 660-1 
| ing point of copper (in a reducing atmosphere) 1083 
Freezing point of nickel 1453 
Freezing point of cobalt 1492 
Freezing point of palladium 1552 
Freezing point of platinum 1769 
Freezing point of rhodium 1960 
Freezing point of iridium 2443 
Freezing point of wolfram (tungsten) 3380 


Some Additional Important Temperatures 


Absolute zero 0° K. — 273-15 + 02°C.* 
A point of helium _ 2.186. K. 
Boiling point of helium 4.216 K. | 

ezing point of hydrogen 14°K. — 2592" Ὁ. 


Zoiling point of hydrogen 20-4° K, —252-8* C. 
ezing point of nitrogen 63°3° Καὶ, —209-9° C, 

42 point of nitrogen 77,32 Κα, -105.8" C, 
ae point of oxygen 54°8° Καὶ, —218-4° C, 


accepted value. In the U.S.A. the value —273-16° C. is preferred, while 
pcent work indicates a value of —273-155 + 0-015° C. 
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Dull red heat 500-600° C. 
sehen 1500-1800° C. 
sr on RS of the sun’s radiating layers 6000° Ki. 


"SC 2x 107° K. 
i rature of the sun's core 
pep τος ps ara of the radiating layers of the ΜΕ 
hottest stars ; 


To convert degrees Celsius (centigrade) to degrees absolute add 27315. 


ATOMIC AND MOLECULAR CONSTANTS 


6) ~20 
The electronic charge (δ) = 4803 x 10-” 6.5.0, = 1.602 x 10 
e.m.u. = 1602 x 10-* coulombs. 
Electronic mass (77to.) = 9-108 x 10-* g. ; 
: 7 e.s.u./g. = 1-759 x 10 
Specific electromic charge(  ) = 5-273 x 10" e.s.u./g 
Ju./g. = 1-759 Χ 105 coulomb/g. _ - 
Maing of ht oa atom (MH) = 1-673 x 10-™ g. 
Mass of proton (Mp) = 1-672 x ga o 
Mass of neutron (Mn) = 1-675 X 1 Β. 
ΜΗ __ 1837 me = 1836. 
Mo 
iar : = 2-998 x 10" cm./s. | 
Yoyo ih 299° 11 Teja 
Planck’s constant (ἢ) = 6°625 x 10-* erg second, 
ἢ — + = 1-054 x 10-* erg second. 
7 an z ] ΕΝ Al, -,., «ἃ 
Rydberg constant (for nucleus of infinite mass) Roo = 2mmeeth=*e 
== 109737 οπ|. “ἃ. 


-1 
it (for hydrogen) (RH) = 109677-6 cm. es 
vole τυγγαο εν βιλριρα (nole) of an ideal at N.T.P. = 22-415 litres : 


(chem. scale). 
Fine structure constant —— 137-04 


i i pace, 20° C. (dao) = 3036 x 10-* cm. 
ae ~10-2 = clear radius ~]0-"* cm, 
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MEAN RANGES IN AIR OF a-PARTICLES OF 
THE PRINCIPAL NATURAL a-EMITTERS 


TABLE OF ISOTOPES AND 
RELATIVE ABUNDANCE OF 
THE ELEMENTS 


The number of protons in a nucleus is usually designated 
by Z and is called the atomic number. Since the normal atom 
is electrically neutral, it must contain an equal number of 
planetary electrons. The chemical properties are determined 
by the number and arrangement of the electrons and hence 
the atomic number decides the behaviour of a given atom, 
i.e. determines which element it is. 

The number of neutrons in a nucleus is usually designated 
by N. The sum, N + Z, represents the total number of 
protons and neutrons in a nucleus and is known as the mass 
number, A. 

Atoms which have the same atomic number (i.e. exhibit 
identical chemical properties) but which have different mass 
numbers are called isotopes. 

In the following table the isotopes whose mass numbers are 
printed in bold-face type occur naturally and if they are 
radioactive this is shown by an asterisk (*). All other isotopes 
are artificial and are radioactive. The percentage abundance 
of the natural isotopes is given in parenthesis after the 
appropriate mass number. 

Where no stable isotope of an element is known, the mass 
number of the longest-lived isotope in the atomic weight 
column is shown in brackets, e.g. Technetium [99]. 
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TABLE OF ISOTOPES (continued) 


Ato 
weight 
ΟΠ Mass numbers of the isotopes 
1-0080 | 1 985%), 2 (0-01 
ig ae sean 
9-013 | 7.8, 9 oo io 9 
10-81 | 3’ 9, 10 (~ 5%), 11 (~81-5%), | 
12-00 10,1}, 12 (98-892%,), 13 (1-108%), 
14-007 12,15 14 (99-635%), 15 (0-365%), | 
15-999 i gl ds 16. 16 (99 759%), 17 (0-037%), 
19-000 17, 18, ty, 1%) 
20-183 18, 19. Baer Oey i (0: 257%), 
22-990 20. Ἂ 22. 13 {1 
24-31 i 3 AC C860), 25 (10 Mis %), 26] 
2698 | 24 25. “Ὁ 4 100%), 28, 29 
28-09 κῃ o(9227%), 3 (468%), 30 
30-974 29, 30, 31 1G Neer 32, 33, re? 
Th 132 Togo 6), 
35-453 EX 2, 33. ayn 35 wae 4%), 36, 37 
39-948 35,36 sO 7,3 37, 38 38 (0-063 %), | 
39-102 37, 38,39 3.08 ), 40% (0-0119%) 
40-08 κ 657%) a » 42 (064%, 
43 (0- SE tira ea they 
44-956 οἰ fa, 44 , 45 (100%), 6, a7, 
47-90 | 43, 44 45, rie a 41 (1115 ) 
43 4s 551%), 
46. 4 
at (99 sotteet δ ἜΗΝ ἘΝ 
52-00 Bee , sus. 76%), 
54-93 | 50, 5], 52, te ϑ,ς 1 
S585 52. 53, $4 (584%, ‘ $5, $0108), 
| 51 (217%), 58 ΕΙΣ 59, 
5893 | πᾷ, goes 58, 59 (100%), 60, 
58-71 | 96, 37,58 for 76%), 59. 60, 
ἘΝ 63, oa die. 16 by 
63-54 58, 50, δῦ, 61, 62, ss yr | 
_ | 65 (30-9%), 66, 6 git 
65:37. | 62, 63, (43°89%), 65, 66 
(3-564) 6S 70 piney ὁ 
69:72 | ᾿ ΧΟ 6 6 aug 
72-59 οἷν ἐν 


᾿δρῆδὴν ἌΚΟΣ 


Atomic 
combat Element Symbol 
33 Arsenic As 
34 ~| Selenium Se 
; 
33 | Bromine Br 
36 Krypton Kr 
37 | Rubidium Rb 
38 Strontium Sr 
39 «=| ¥ttrium ¥ 
ΕΝ ee 
40 | Zirconium Zr 
41 Columbium) | a} 
Niobium | Wb 
42 Molybdenum | Mo 
] 
43 Technetiom Te 
44 | Ruthenium Ru 
45 | Rhodium Rh 
46 | Palladium Pd 
| 
47 Silver Ag 
48 Cadmium Cd 
49 | Indium In 
so. | Tin 


74°92 
78-96 
79-909 


83:80 


85-47 
87-62 


88-90 
91-22 


92-91 
95-94 


[99] 
101-7 


102-90 
106-4 


107-870 


112-40 


114-82 


118-69 
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TABLE OF ISOTOPES (continued) = 
Bi mi pan 
(C= i200) 


| 69 70, 71, 72, 73, 74, 75 (100%), 
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ne 82, 83, YE: 85 (72° 154.86 ,.815] 


i εἶ ee 9 ἀγα παν ἢ 


παν 


Mass numbers of the isotopes 


7, 
τὸ vedas, 73. 73, Ἴ4 (0-87 ΜΡ 76 
o. > 86 CaS" TT S8%),78 05 82 (9°19 19% 


83, 84 
| 74, 15, 16,77, 18, 79 (50.520, 80 
49-48%), 82. 83, 84, 85, 87,1 


ἐπ 
16, 9 78 (0° nse 


ip αὐ ὅς eee 
"δ: 3 i753 ΤῸ 
ΒΟ ἀ ό δι, 83, 93,94, 5 


27 785%) 8, 89, 90, 91, 92, 93, 
‘sa 42) eh insets | : 
ce 5,86, 53," 88 9 (100%), 


17-4 96 
90, 91, 53 3 ), 94, 95, 


97, 98, 
90, 91,92 15-86%), 93, 94°12 
ae ae ey 


a 


ἡ, 108, (48-65%), 

, 105, 1 5%), 107, 108. 

ΕΣ Nees 

en ; 114 886%), 115,1 116 

ἐδ ἀπ, 412, 113 

κι ie πεν 
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13, 114 | 


i ἊΣ 2 (095%) 1 
065 


" 119 (8-58 i 
O57 "121, 122 (471%) 
24 (598%), 125, 126, 127 


TABLE OF ISOTOPES (continued) 


| Atomic EI ‘ 
51 Antimony 
52 | Tellurium 
53 Todine 
34 Xenon 
55 | Cacsium 
56 Barium 
37 Lanthanum 
38 Cerium 
59 | Praseodymium 
60 | Neodymium 
Ϊ 
δι | Promethium | 
62 | Samarium 
63 | Europium 
64 Gadolinium 
65 Terbium 
Dysprosium 


Symbol 


Sb 


Te 
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oar M bers 
weight 
on ἽΝ ass num of the isotopes 
121-75 | 116, 117, 118, 119 120, εἶ i 
(57-2 122, 5 
124, 123. 126, 127, 129, ἊΝ x 
127-60 17, Lis, ii? 120 (0.089%), (21 
| ie is ne Ἔχ aM δ 
Ϊ e-74 Wey 29 Gr7s 179, 
30 (34-45%), 131, 132 134, 
126-90 9" 120, 121, 122, 123, 124, 125, 
, 127 (100%), 128," 129 
ἜΝ 132, 133, Ὥς , 135, 136, 130, 
131-3 121, 122, 123, 124 (0-096%) 125, 
126 (0-69%), 127 128 (1-919%), 
29 aay τ 130 (408%), 131 
21-18%), 132 (6 133, 
34 (10-44%), 135, 136 (8-87%,) 
137, 138, 139, 140, 141, 43, | 
132:90 | 123, i25, 126} 129, 130 
131, > 133 cago’ 35, 
ie ar 138, 59. ἴ 134 142, a3" 
137-34 26, 127, 128, 129 130 101 | 
at 132 ( 097.) ΩΝ κ 1344 
*42%), ), 136 
781 137 (11-32%), 138] 
71-66%), 139, 140, 141, 142, 143, 
138-91 131. 132 3 ἜΝ 135, 136 ἐς 
39 (99-911%), 
140, 191 36) 143 
140-12 133, 134 "ἢ 136 ἀφο ), 137, 
0-25 Ἑ % 
141, 142 (11-07%), 14 
140-91 13 (36, 137, 1a ἠδ᾽ 140, ial 
» 142, » 144, 
144-24 | 138, 139, 140; 141 O15 | 
143 on), 144 Ὁ, has 
(8°30%,), + Gear λυ! 7, 148 
[147 . i ὍΝ "144, 145, ἐν ia, 
150-35 eee 
ἐμ 27 κ΄" 
ΕἼΣ 150 aT ΙΣ This 
1520 =| 144, 145, ἜΝ [47 148, ἐκ 150, | 
ioe gone 
157-25 a's 55, (80, tsi 152 (0- 
153, gh as Gs ἫΝ . 
εἴ 
158-92 ἜΗΝ 153, isa 4 Gio ta 
162-50 τς ) 160 161 "15 163" 
160 161 eee 31 
162 5 Ὸ 
iB, es τὰ 
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Holmium 
| Erbium 


Thulium 
Ytterbium 


| Symbol 
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(C= 12-00) 


164-93 
167-26 


168-93 
173-04 


174-97 
178-49 


180-95 
183-85 
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Mass numbers of the isotopes 
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THE PARTICLES OF MODERN PHYSICS 
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251 
246, 
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256 
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(electron Lifetime | Mode of decay 


Rest mass 
mass = 1) 


(t) This isotope has been found in pitchblende in a concentration of 1 part in 
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ENERGY EQUIVALENTS 


= 3 -Ξ δ 8 
β ἑ ἑ ἰ [heb δξὲ 
Einstein’s relation E = mc* relates mass and energy with ae ae eee bet a 
the square of the speed of light as the constant of proportion- MIliESs§ £8328 
ality. Thus the energy equivalent of 1 g. of any substance Alec i Fa Dt Os 
is 8-988 x 10° ergs = 8-988 x 1013 joules = 2-497 x 10? Teor wat 4 
kilowatt-hours. This amount of energy would be liberated if ἕ e228 eee 8: 
1 g. of matter was annihilated. Ξ 2 x 3 ξ 2 2 ge 
It is often convenient to consider energies in terms of a : ¢ Ses & 
electron-volts (e.v.). One electron volt is the energy gained : πες γα γι teak 
by any singly charged particle (such as an electron) in falling ei/ZRBea 2B 838 
through a potential difference of 1 volt. ἘΞ xk MM Ke RX 
One volt = 10° e.m.u. of potential and the electronic ge\ee8 #8 88 
charge is 1-602 x 10-*° e.m.u. So the energy of 1 e.v. = iy. SU w5', ΘΝ 
10° x 1-602 x 10-*° = 1-602 x 10-* erg. Ne ΗΝ Sf se | 
1 k.e.v. = 1000 e.v. 1 M.e.v. = 108 e.v. ote pee oa ἘΝ 
For gas atoms in thermal equilibrium with one another Z. i hae? δ’ δὲ 
the energy per degree of freedom is kT, where k is Boltz- κε a3 5 Sea 
mann’s constant and T is the absolute temperature. For an an LORMAE PE μι ὦ > Seeman 7 
atom with three degrees of freedom, the energy is $kT. For 2 221 Lhe a 
molecules there are more than three degrees of freedom in Se Tee ke Ree κ 
general. This relation is not valid for temperatures near the 4 Ι ὁ 58 8 Ξ ὦ ὁ 5 
absolute zero where quantum considerations enter. [πὸ 9 fen, Sialic 
chemistry and in thermodynamics energies are often in . 2 a oes 
terms of kT. In the table below the energy equivalent of one i Se 188 9 £28 
degree absolute is calculated from E = kT. 7, i 2 ar Sm κα 
The table given on p. 155 is suitable for converting most ne [8 ὃ & «Ὁ 8 
of the commonly encountered energy units. It gives equiva- oa -- - 
lent quantities in horizontal lines. Thus 1 g. = 8-988 x 102° ἘΣ RS BU ea oe Fe 
= 1098 x 1057 electron masses = 6025 x 107% a.m.u. : fe Se Se RE ae Ser 
= 5-610 x 107° M.e.v. = 6.511 x 1038 deg. abs. etc. 5, Ξ 8 $2288 
The table may be further extended to include the energy- RC ΨΦ Ὁ 
frequency and the energy-wave number relation of photons : ᾿ ᾿ ee 8 ; 
through E = ἦν and E = he(;), where ; is the wave num- 2 “x x : : : 
ber. Thus a photon of unit frequency has an energy of ὃ Σ 9 8 ἕ τ - 
6.625 x 10- erg while one having unit wave number has Sa al 
an energy of 1.986 x 10-"° erg. rer tigi, 
be ἡ eSES 
ε ἢ ξξ αὶ ὃ ὃ τ ἢ 
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OPTICAL DATA 


' REFRACTIVE INDEX OF GASES 


Acetylene 1-000606 Hydrogen a 

Air 1-000292 Hydrogen chloride a 

Ammonia 1000375 Hydrogen sulphide <= 
Wie 


Argon 1000281 Methane 
Carbon dioxide 1000450 Nitric oxide 
Carbon monoxide 1000334 Nitrous oxide 
Cyano 1.000800 Ome 

| fen AYeen 
Ethylene 1000674 Sulphur dioxide 
Helium 1000036 Water vapour 


0 ΓΊ εἰς 


1015 1015 1016 1015 1015 10*7 1015 10." 10” 105 


ed 
REFRACTIVE INDICES (AGAINST AIR) FOR Oo se 
MEAN D LINE naz ἡ 
A= 5893 x 10 - cm. | 
1-53 Iceland Spar iby ) 1-658 } 
Crown Glass 1-48-1'61 — Iceland Spar (ext.) 1-486 i 
d 2417 (ord.) 1.544 - 
1.532 = Quartz (ext.) 1-553 ς @ 
ἘΣ Glens Bee uae He s ἃ 
uorspa r * yy . , ψοῦ 
1.31 Sylvine (KCI) 1-490 Ἢ Τ' 
1:333 Perspex 1.495 


WAVELENGTHS OF IMPORTANT SPECTRAL 
LINES IN AIR AT 15° C. AND 760 mm. 


A. = 10-* om. = Angstrém unit 
Line ΗΝ Line Worgiengrs 


red 7668 i bs) 5178 
S 7594 Mg green 5173 


THE ELECTROMAGNETIC SPECTRUM 


1 10 10? 105 10’ 10° 105 101 10° 10) 10 10» 


= by) 5167 
He red (C) 6563 ΗΒ Binevgreen 6) a8e1 ον 

blue-green 1 - 

red* 6438-4696 Οἱ blue* 4799-91 = 
iorange 6104 Sr blue 4608 
Na oranges (D,) 5895-9 Li blue 4602 
Na orange \(D,) 5890-0 Hy blue (6 ἢ 4340 
He yellow (D,) 5875-6 Fe and Ca blue (6) 4308 
ΤΙ green 5351 Ca blue (g) 4227 
Fe and Ca green (E) 5270 K violet 4047 


* Accepted standard lines 3 
Rydberg’s Constant - Hydrogen, 109677-58; Helium, 109722-27 3 Ἠ 
Velocity of Light in Vacuum (0) = 299793 -- 0.5 Καὶ, (. = = 
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ACOUSTIC DATA. Ws GEOMETRICAL MENSURATIONS 
: (Illustrated) 


VELOCITY OF SOUND 
~ LENGTH 


Substance 


Aluminium 
Co 

pper 
Iron 


12630 Lead 
- | 5000-6000 | 16400-19700 | Mercury 


Area of Rectangle 
Area of rectangle equals LENGTH x WIDTH. 


0 Threshold of hearing 
10 Virtual silence 
uict room 

30 Watch ticking at 3 ft. 
40 Quict street 

50 iet conversation 

60 Quiet motor at 3 ft. 

70 Loud conversation 

80 Door slamming 

90 Busy typing room 
100 Near loud motor horn 
110 Pneumatic drill 
120 Near acroplane engine 
130 Threshold of pain 


Limits of Audibility -- Between 30 and 30,000 c/s. (approximately). 


MUSIC 
The consonant frequency intervals. : : 
Name clave ifth Fourth wor rr βέννον ΜΌΝ Ε A 
Frequency Ratio 1:2 2:3 3:4 4:5 3:8 5:Ὁ 5:8 Area of Triangle 
Musical Scales - Vibration Ratios Area of any triangle equals the length of the base multiplied by half the 
‘a vertical height. 


F G , B Cc 
1500 1-66 1515 2000 i.e. If ἕω equals length of base and B equals vertical height, areaequals ς 


7 Basic* Ὁ a Ἐ 32 
a Scale } 1000 1125 1-250 1-333 
Tnte ned 9 10 16 9 10 a 16 as 
: ὃ y 15 8 9 ξ 15 | 2 
Ls 


* The Basic Scale is frequently referred to as the Natural or Diatonic Scale. 


* 
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Area of Circle 
Area of a circle is proportional to the square of its radius. 
ie. If R equals the radius of the circle, area equals 7R* (7, a constant 


m equals the length of one of the sides multiplied 


Area of a parallelo 
by the perpendicular heist. | 
ie. If A equals length of one side and B equals perpendicular height, 


area equals A x B. 
sect aa A ic i 


Wale 


quantity = = or 3-1416). 


ς 


a:  »- 
| Determination of Height, Base, or Hypothenuse of a Right-angied 

Triangle 
If AB = height, BC = base, and AC = hypothenuse, when two 


Area of Trapezoid 
St ya pe ac ences Peel 
_ Le. If A and B equal the lengths of the two parallel sides and C equals dimensions are given: f | 
the perpendicular distance between them, area equals ἃ Ὁ Β yg, Base = ~/AC? — AB® Height = /AC* — BC* 
2 : y || Hypothenuse = ν᾿ ΒΟ" + AB? 
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Area of Ellipse ee, 
Area of an ellipse equals half the larger axis multiplied by half the 
, smaller axis and multiplied by =. ΚΑῚ 
- Area of a trapezium equals the length of the diagonal multiplied by half i.e. If AB be the larger axis and dbe half of it: andifCD bethesmaller 
the sum of the perpendiculars let fail upon it from its opposite phe ΜῈ ἐπ ond e be the half of it, area equals d x e X =. ee “oe 
i.e. If AB equals the length of the diagonal and CD + EF equals the An approximate formula for the Circumference of an ellipse is a 
sum of the perpendiculars to the opposite angles, area equals Cu (o> € mt ais ‘\. ait 


AB x cP TEP 


R 
| ; Area of Sector of Circle | 
Area of sector of circle Is ft ll ci ΤῊΝ : Ὶ 
degrees in ARC and divided by 360)” {Ul circle multiplied by the : 7‘ Ἢ 
i.e. If R equals radius and C equals degrees in ARC, area equals Aren of Regular Polygon : 
R'x 7x C Divide the polygon into triangles; find the area of one triangle and « 
360° multiply by the number of triangles contained in the polygon. a 
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Area of Θεσπιοπὲ of a Circle 


πο height Nee eee length of cord, area equals — 
x a’ 


3 *Oxb 


Area of Pyramid 


Miultiety the pertaittee of thease by hal sip slant height, now add the 
area of the base. 


Layee ΠΝ 
ie Feel ether phe Raha ἔτει Sry Segnent ey ee 


half the cord, then divide it by the hei 
histo the eho the Segment τὴ 


i.e. Diameter equals Κ΄ +e. 
Area of Sphere ἢ 
Area of a sphere equals four times the area of the diametrical section. 
i.e. If r equals radius, area equals 4 x r* X =. a 
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Area of Surface of a Cone 


Area of surface of a cone equals the circumference of the base multi + 


Sly one-half the slant height of the cone added to the aren of cue Involute Curve 


se _ ie, If ab is the slant height, be the diameter and bd the radius of the If a point in a circle be unwound and extended in a straight line, the 


+ (cd)* x 2. path of the point will form an involute curve. ὙἹ 
To construct an involute -- ocx is the circle and 06 is ἃ tangent equalin 
length to half the circumference of the circle. Now divide both the 
tangent and the semi-circle into any number of equal parts. From these _ 
ῬΟΒΕΒΌΒΤΩΝ CR Os OG, Re ee ee ee oie κ΄ 


Ἂς απ αν 


base, area equals - 


etc., equal in length to ol, 02, 03, etc., 
described by joining the terminus of each tangent. 


Area of the curved surface of the Frustum of a Cone 


To determine the area of the above, multiply half the sum of the 
diameters of the two circular ends by π, now multiply this by the slant 
height of the frustum. 

1.6. If 5, 06 = the Preehen, ὃς end de the two diameters, and dd the 


slant height, area equals “eee x a x bd. 


Ἃ 
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wl 


' ᾿ ΒΚ = Lateral or Convex Surface. V = Volume 
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S = PH. P is perimeter of base: H is perpendicular height. 
S = P,/. P, is perimeter perpendicular to sides: / is lateral length. 

V = BH. B is area of base: H is perpendicular height. Eye 
Ni Ἢ. Pi = 5 * : = ὦ] ΒΟ |! 
ἫΣ Parallelopived V=Al. Ajisarea of section perpendicular to sides: / is lateral length. 
ὯΝ 8 τὸ ΡΙ. ῬΡ is perimeter perpendicular to sides: / is lateral length. 
_ ΝΥ --ΒΗ. Bis area of base; H is perpendicular height. 
ἫΝ V=Al. Aisarea of section perpendicular to sides: / is lateral length. 


ΚΕ, 


P is perimeter perpendicular to sides: / is lateral length. V =BH. B is area of base: His perpendicular height from base to 
. Bis area of base: H is perpendicular height. . centre of gravity of top. 
A is area of section perpendicular to sides: /is lateral length. _ V = 4A(/, + /,), for cylinder. 
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Frustum of Pyramid or Cone, Right and Regular, Parallel Ends a 
S$ = H(P + p) P and p are perimeters of base and top: / is slant 
height. a 
S = ΖΡ]. Ρ is perimeter of base: 1 is slant height. | V = 219 + 5 + \/Bb). Band Ὁ are areas of baseand top: His per- 
V = 4BH. Bis area of base: H is perpendicular height. pendicular height. ᾿"- 


ἱ 
Ι 
Ι 
I 
H 
| 
Ι 
Ι 
Ι 


᾿ Frustum of any Pyramid or Cone, Parallel Ends 


pea V = 3H(B+b-+ Vb). Band bareareas of baseand top: Hisper 
Pyramid or Cone, Right or Oblique, Regular or Irregular peatlicular height. 

V=4BH. Bis area of base: H is perpendicular height. | 
= © = + volume of prism or cylinder of same base and perpendiculas 


ο W=4 volume of hemisphere of same base and perpendicular height. _ 
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Spherical Sector 


Υ = ξπΒ 
vs H(A + B). A; Be λῶν he teniatin of the tized H is 
Ἢ perpendicular he ata fhe sede αἱ 


Ἶ που + 4M). pendicalar height M isarea of top: H is per- 
> pendicular he isareao section parallel ; 
to bases, midway between them. 
_ The Prismatoid formula applies also to any of the foregoing solids with _ S = 2eRB = ἀπ(4Β" + (ἢ 
» to cones, ; many — Σ β 
Εν solids with irregular pyramid natu pat gus pat gd V = jnB°GR — B) = verBG3C* + 48" 
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Spherical Zone 
S = 27RB 
V = ven BGA? + 3C* + 485 


a ‘ ; Ε ir oo a ταῦ Ὁ πὰ 


ff 


Ungula of Right, Regular Cylinder 


Base = Segment BAB Base = Half Circle 


5 = (RM -- 0 x are, BAB) τ "Ὁ 53. 2} Jum 


V = GM? -- 0 x area, BAB) γε "Ὁ 


Base = Segment, CAC 
§ = (QRN +P x are, CAC) gs 
V = GN? +P x area, CAQ) pp 
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to FIND ANem oF A νϑευδὲ 


tio of corresponding volu f a Cone, Paraboloid, Sphere, and 
det arena) belatk a 4 33 24 i 
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Logarithms and anti-logarithms 
Sines and co-sines,; tangents and 
co-tangents 

Seccants, co-seccants, and their 
logarithms | 

Reciprocals, Napierian log- 
arithms 

Squares, Cubes and Roots 


The complete metric system with 
full conversion tables 

Speeds of Flow of Water, Tables 
of Density and Humidity 

Atomic Weights, the Properties 
of Solids, Liquids and Gases 
Information on Isotopes, radio- 
activity, energy equivalents, opti- 
cal and acoustical data 
Geometrical Mensurations, etc. 
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This uniquely comprehensive 
volume of tables and statistical 
information in physics and 
chemistry has been compiled 
to meet the needs of students, 
professionals and technicians 
over a wide field, It brings to- 
gether for the first time at a 
‘paperback’ price much impor- 
tant information usually only 
available in several different, 
and often expensive, volumes. 
Here itis all set out with an eye 
to maximum clarity and ease of 
use. 
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